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HBTBOI  BADIO  ELECTRONICS  (Composition,  History,  Problems). 

Te.  I.  Pialko. 

Is  given  determination  of  aeteor  radio  electronics.  Are 
described  its  component  parts. 

Is  given  the  short  outline  of  the  history  of  the  formation  of 
aeteor  radio  electronics.  Are  characterized  the  fundamental  periods 
of  its  development.  Are  enumerated  the  main  problems  and  the 
problems,  confronting  contemporary  by  aeteor  radio  electronics. 

Is  presented  brief  information  about  meteors. 

Determination  of  meteor  radio  electronics. 

The  use  of  methods  and  means  radio  electronics  determines  to  a 
considerable  extent  level  and  result  of  many  branches  of  science  and 
engineering.  A characteristic  example  in  this  respect  is  the 


application/use  of  radar  in  the  investigation  of  neteor  phenonena  in 
the  ataosphere  of  the  Earth.  successful  study  by  radio  aids,  and  then 
also  tbs  uss  of  tha  Ionised  education/f oraation,  created  by  seteoric 
bodies  during  their  intrusion  into  high  layers  of  the  ataosphere,  led 
to  eery  rapid  shaping  of  the  specific  section  of  radio  electronics. 

It  should  be  noted  that  the  aost  iaportant  Soviet 
scientist-specialists  in  the  region  of  radio  electronics,  only  did 
not  rate/estinate  the  prospect  of  the  use  of  radar  sethods  for  the 
investigations  of  neteors  in  the  interests  of  astronony,  geophysics 
and  radiophysics,  but  also  in  aany  respects  they  contributed  to  the 
realization  of  this  direction,  in  the  period  1953-1957  the 
acadeaician  A.  I.  Berg  rendered  great  aid  scientific  collectives, 
which  were  being  occupied  by  the  developsent  of  radar  equipaent  for 
neteor  observations.  In  the  Biddle  of  the  50*8,  acadeaician  i.  L. 
Hints,  attaching  auch  iaportance  to  the  developsent  of  radio  aethods 
in  neteor  investigations,  and  noting  the  prospect  of  the  use  of 
neteor  ionization  of  the  realization  of  long-distance  conaunication 
in  the  range  of  VHP,  introduced  tern  radio-aeteoritics. 

Actually  this  was  the  first  acknowledgeaent  of  that  fact  that 
the  new  branch  of  radio  electronics  is  located  in  the  stage  of 
successful  f oraation.  Tern  radio-aeteoritics  - figurative,  laconic 
aad  large-capacity,  but  needs  insignificant  refinesent  in  connection 
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with  the  taking  root  terainology  in  astroaoay. 

Hallo  aids  ara  utilized,  aainly,  Cor  racording  or  using  the 
aataor  ionization,  produced  by  aataoric  bodies,  while  by  aataoritas 
ara  undnrstood  only  those,  relatively  Caw  vary  large/coarse,  aataoric 
bodies,  which  reach  the  surtaces  ot  the  Barth.  TharaCora  aora  precise 
will  be  tara  aeteor  radioelectronics. 

Page  *46. 

fleteor  radio  electronics  - section  of  radio  electronics, 
dedicated  to  study  of  aeteor  phenoaena  by  radio  aids  and  to  their  use 
for  transaission  of  inforaatioa  with  the  aid  of  radio  waves. 

Before  passing  to  the  expansion/disclosure  of  the  content, 
problens  and  probleas  of  aeteor  radio  electronics,  and  also  to  the 
presentation  of  its  history,  let  us  pause  briefly  at  the  fundanental 
special  feature/peculiarities  of  aeteors. 

Brief  iaforaation  about  aeteors. 

Nsteoric  bodies,  nesting  the  Barth's  ataosphere,  generate  aeteor 
phenoaaaa  (aeteors) . The  overwhelaing  aa jority  of  neteoric  bodies  (in 
the  vicinities  of  the  earth's  orbit)  belongs  to  the  solar  systea  and 


it  aoves  over  elliptic  orbits;  only  a few  aeteors  ace  generated  by 
the  aetaoric  bodies  of  interstellar  origin.  The  aeteoric  bodies. 


which  aove  by  clusters,  generate  tne  aeteor  showers,  and  the  others  - 
create  sporadic  aeteors  (sporadic  von) . The  aeteors  of  flows,  during 
their  observation,  seen  escaping  of  one  point  of  celestial  sphere 
(radiant) . The  geocentric  speeds  of  the  aeteoric  bodies  whose  orbits 
intersect  with  the  orbit  of  the  Earth,  are  included  virtually  within 
the  linits  of  11-74  ka/s.  The  aasses  of  aeteoric  bodies  they  are 
distributed  according  to  the  inverse  exponential  law,  beginning  with 
certain  aininua  aass  aD  (aeteoric  bodies  with  saaller  aasses  of  a<aa 
are  virtually  "swept"  by  light  pressure  on  the  periphery  of  the  solar 
systaa).  The  overwhelaing  aajority  of  the  aeteoric  bodies,  which  aeet 
the  Barth,  brakes  in  upper  levels  of  ataosphere,  even  without  having 
aelted.  Significant  part  breaks  down  itself  in  range  of 
height/altitudes  froa  70  to  120  ka,  creating  the  ionized  aeteor 
trails.  Only  the  relatively  insignificant  part  (large/coarser)  of 
aeteoric  bodies  reaches  height/altitudes  in  several  ten  kiloaeters 
above  ground  level,  foraing  very  bright  traces  (bolides) . And  the 
entirely  insignificant  pact  of  aeteoric  bodies  does  not  aanage 
coapletely  to  destroy  itself  in  the  ataosphere;  the  reaains  of  these 
aeteoric  bodies,  that  drop  out  to  the  surface  of  the  Barth,  they  are 
called  aeteorites. 


Size/diaension  and  aass  of  the  suppressing  nuaber  of  aeteoric 


bodies  is  very  ssall 


Poe  tbs  illsstratiou  of  this  position,  1st  as  give  the  following 
sxaspls.  Lot  us  assass  that  badly  tbs  seen  with  tbs  naked  eye  seteor 
is  forced  by  tbs  aeteoric  body,  which  has  sean  geocentric  speed  (xIO 
ka/s| ; in  this  case  the  aass  of  aeteoric  body  is  approxisately  0.5 
sg. 


Having  a snail  aass,  but  eaoraoas  geocentric  speed,  aeteoric 
body  it  possesses  considerable  kinetic  energy  which  is 
espend/consueei  in  the  abiatxon  process  (destruction)  of  aeteoric 
body.  Interaction  of  seteorxc  body  with  the  particles  of  "incident" 
air  flow  occur/f low/lasts  as  follows.  "Being  deepened"  in  the 
ataosphere  of  the  Barth,  seteorxc  body  increasingly  sore  intensely  is 
boabarded  with  the  particles  of  axr.  At  first  aeteoric  body  is 
heated,  then  occurs  its  fusing  wbxch  follows  the  boiling.  The 
evaporating  atoaa  of  seteorxc  body  encounter  the  aolecules  (and  by 
atoas)  of  air,  eoreover  the  relative  speed  of  these  collisions 
differs  little  froe  the  geocentric  speed  of  aeteoric  body.  Blastic 
collisions  cause  the  heating  of  gas  colunn,  and  inelastic  - glow  and 
ionisation.  Ionisations  undergo,  aainly,  the  seteor  atoas  the 
ionisation  potential  of  which  is  lower  than  in  the  particles  of  the 
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Eztent  and  transverse  size/diaensions  of  the  ionized  aeteor 
trail  depend,  aainly,  oa  speed  and  aass  of  aeteoric  body.  The  initial 
radius  rCf  depending  on  the  seen  tree  path  of  ions,  increases  with 
height/altitnde;  on  the  average  r0  order  of  aeter,  and  the  length  of 
trace  - several  ten  kiloaeters.  The  ionized  trace  under  appropriate 
conditions  can  effectively  scatter  radio  waves.  This  is  allowed, 
controlling  the  processes  ot  to raation  and  destruction  of  the  ionized 
aeteor  trail  (on  recordings  ot  aeteor  radio-echoes)  to  judge  both 
properties  and  paraaetecs  ot  aeteoric  bodies  and  about  the 
characteristics  of  the  ataospnere  in  the  region  of  aeteor  zone.  So, 
observing  the  behavior  ot  the  toraed  trace,  it  is  possible  to  study 
wind  coaditions/aole,  intensity  of  concentration  diffusion,  processes 
of  racoabination,  adhesion,  etc.,  and  also  turbulent  phenoaena  in  the 
ionosphere.  For  this  purpose,  together  with  the  radar  aethods,  which 
realise  a noraal-recurrent  sounding  of  aeteor  trail,  is  utilized  the 
iaclined  irradiation  of  aeteor  trails  with  the  considerable 
separation  of  the  betraying  and  receivers.  Use  of  the  aeteor  ionized 
trace  as  passive  re-eaission  of  the  electroaagnetic  waves  gives 
possibility  to  carry  out  reaote  radio  coaaunication  in  the  range  to 
?BP.  This  radioliak  systea  transaits  inforaation  by  "aachine  gun 
bursts*  in  the  presence  (on  route)  of  the  ionised  seteor  trail.  The 
integral  effect,  produced  by  aeteors,  it  affects  the  state  of  the 
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ionosphere,  especially  on  soaw  cores  of  sporadic  layer  £,.  the 
eguipaent,  intended  for  radar  or  aeteors  (and  also  coaaanlcation 
gear),  possesses  the  row/secies  ox  the  specific  special 
feature/peculiarities,  caused  oy  the  specific  character  of 
interaction  of  radio  waves  hub  the  ionized  aeteor  trails.  Thus,  for 
instance,  radar  of  aeteors  is  realized  usually  in  the  range  of  the 
ultrashort  waves,  aost  frequently  on  X = 8- 1 0 a. 

Radar  surveillance  of  aeteors  are  aost  effective  ones  in 
coapirison  with  other  aetnods  of  aeteor  observations  (photographic* 
telescopic,  visual,  aagnetic,  etc.).  However,  the  aost  coaplete 
inforaation  about  aeteor  pnenoaena  is  obtained  during  the  coaposite 
observations  of  aeteors.  uevelopaent,  together  with  the  classical 
aethods  of  the  aeteor  observations  (photo,  visaal)  of  radar  aethod, 
contributed  to  the  successful  developaent  of  the  science  of  aeteors. 

Meteor  radio  electronics;  its  place  in  the  coaposition  of  the  science 
of  aeteors. 

Heteor  radio  electronics  is  the  coaponent  part  of  two 
coateaporary  sciences:  science  of  aeteors  and  radio  electronics.  The 
science  of  aeteors,  which  established  in  the  past  century,  was 
initially  represented  by  one  section  - aeteor  astronoay.  In 
proportion  to  the  study  of  interaction  of  aeteoric  body  with  the 


p mu 


DOC  * 782 


9 


Birth's  atmosphere,  was  fora/snaped  physics  of  aeteors.  The 
developaent  of  the  indirect  aethod  of  studying  upper  levels  of 
atao3phere,  instituted  on  aeteor  observations,  lay  as  the  basis  of 
aeteor  geophysics.  The  use  of  radio  aids  for  recording  the  aeteor 
phenoaena  Bade  it  possible  to  sharply  raise  the  effectiveness  of 
aeteor  observations.  The  radio  aetnods  of  the  observation  of  aeteors 
vary  successfully  are  developed  in  recent  20  years.  In  connection 
with  this  will  arise  nuaber  ot  the  radiophysics  and  radio  engineering 
probleas  whose  solution  led  to  tne  foraation  of  the  independent 
section  of  radio  electronics  - aeteor  radio  electronics,  which  is 
youngest  part  of  the  scieuce  of  aeteors1. 


POOTHOTE  ».  Let  us  note  tnat  oy  examining  aeteor  radio  electronics 
relative  to  the  science  of  aeteors,  in  it  it  is  possible  to  isolate 
threa  parts.  The  first  - directly  enters  into  the  science  of  aeteors. 
The  second  - is  the  aethod  of  studying  the  aeteor  phenoaena.  The 
third  - does  not  refer  to  the  study  of  aeteor  phenoaena,  but  it  is 
based  on  the  use  of  aeteor  ionization  for  radio  coaaunication. 
EIDPOOTMOTE. 


Page  498. 

Thus,  into  the  science  of  aeteors  enter  aeteor  physics,  aeteor 
astronoay,  aeteor  geophysics,  aeteor  radio  electronics. 
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Is  already  aentioned  aeteoc  radio  electronics  is  the  independent 
section  of  radio  electronics. 

Sections  of  aetsor  radio  electronics. 

Into  neteor  radio  electronics,  enter  aeteor  radiophysics,  aeteor 
radar,  aeteor  radio  coaaunication  and  aeteor  radio  engineering.  Let 
us  note  that  here  there  is  in  fora  radio  engineering  in  the  narrow 
sense  of  the  word,  i.e.,  aainly,  the  coapler  of  equipaent  questions. 
To  avoid  discordance  in  terainology,  let  us  note  that  the  concept 
"radio  engineering”  in  different  historical  stages  corresponded  to 
different  content.  In  A.  S.  Popov's  tiaes  by  radio  engineering,  was 
understood  the  radio  coaaunication.  Classical  radio  engineering 
includes  seven  sections;  radio  coaaunication,  broadcasting,  radar, 
radio  navigation,  television,  radio  reaote  controls  and 
radioteleaetry . Conteaporary  radio  engineering,  which  encoapasses  the 
row/series  of  new  sections,  was  called  radio  electronics.  In  our 
case,  as  was  noted  above,  is  in  fora  aeteor  radio  engineering  in  the 
narrow  sense  of  the  word. 

I 

It  should  also  be  noted  that  the  fraaework  of  aeteor  radio 
electronics  are  not  liaited  to  the  enuaerated  four  sections.  It 
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adjoins  tbs  application/use  ot  sstbods  of  electronics  for  an  increase 
in  the  effectiveness  of  the  optical  investigations  of  seteors  (as, 
for  exaaple,  the  ase  of  superorthlcons  for  an  increase  in  the 
sensitivity  of  telescopic  aethod,  etc.)  . 

Lat  us  pause  at  the  content  of  the  sain  divisions  of  seteor 
radio  electronics. 

Contant  of  the  sections  of  aeteor  radio  electronics. 

1.  neteor  radiophysics. 

Heteor  radiophysics  studies,  aainly,  the  processes  of  ionization 
and  deionization  and  interaction  of  radio  waves  with  the  ionized 
aeteor  trail.  The  fundaaental  questions,  which  are  deteraining  aeteor 
radiophysics's  content,  can  he  drought  several  groups: 

education/f oraation  and  destruction  of  the  ionized  aeteor  trail; 

the  aeteor  contribution  to  the  ionization  of  the  ionosphere; 

its  own  (priaary)  the  radio  eaission  of  the  ionized  aeteor 


trail; 
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interaction  of  radio  nates  mth  the  ionized  aeteor  trail; 

■nteor  propagation  of  tne  radio  wanes,  re-eaitted  by  the  ionized 
■eteor  trail; 

the  sinulation  of  the  ionized  trace. 

All  noted  guestions  ace  related  to  the  ionized  aeteor  trail 
(forned  by  aeteoric  body).  At  the  sane  tine  is  of  great  interest 
interaction  of  laser  bean  with  aeteoric  body. 

Page  449. 

Meteor  r^diophysics's  fundaaental  and  aost  laborious  problen  is 
the  theoretical  and  experimental  study  of  scattering  radio  waves  on 
the  real  ionized  neteor  trail  (in  the  process  of  its  fornation  and 
destruction) . 

In  the  solution  of  aeteor  radiophysics's  probleas,  are  reached 
the  specific  successes.  This  nade  it  possible  to  supply 
investigations  in  the  fields  of  aeteor  radar,  radio  coaaunication  and 
radio  engineering,  and  also  after  the  creation  of  effective  equipaent 
to  begin  the  productive  observations  of  neteors. 


& 
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2.  Meteor  radar. 


Meteor  radar  is  dedicated  to  the  study  of  eeteor  phenomena  by 
radar  means. 


The  content  of  eeteor  radar  composes  a nuaber  of  theoretical  and 
experimental  problees: 


the  establishaent  of  tne  dependence  of  intensity  and  duration  of 
echo  signal  from  the  parameters  of  meteoric  body,  atmosphere  and 
radar  (this  problem  is  to  a considerable  extent  common  with  meteor 
radiophysics) ; 


the  measurement  of  the  coordinates  (among  other  things 
heigh t/altitude)  and  of  the  parameters  of  meteor  trail  (including  the 
initial  radius  r linear  electron  density  at)  ; 


the  establishment  of  the  coaaunication/connection  between  the 
statistical  characteristics  meteor  radio-echoes  and  the  statistical 
characteristics  of  meteoric  bodies; 


development  and  application  of  the  methods  of  measuring  the 


X 

* 
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parameters  of  meteoric  bodies  (speeds  o,  of  radiants,  cell/elenents 
of  orbits,  and  also  masses)  ; 
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developaent  and  application  of  the  eethods  of  aeasuring  the 
drift  of  aeteor  trails,  and  also  turbulent  phenonena  in  the 
ionosphere; 


the  selection  of  the  optieua  paraeeters  of  aeteor  radars  of 
different  desiqnation/purpose. 

One  of  the  coaponent  parts  of  the  aeteor  radar  is  setting  and 
conducting  of  observations  according  to  the  appropriate  progress. 


Let  us  note  that,  together  eith  radar  of  the  ionized  aeteor 
trail,  is  possible  also  radar  of  aeteoric  bodies. 

3.  Nateor  radio  coaaunication. 

Netaor  radio  coaaunication  is  instituted  on  the  use  of  the 
ionized  aeteor  trails  as  passive  reeaitters  for  the  transaission  of 
inforaation. 


The  use  of  aeteor  ionization  for  purposes  of  radio  coaaunication 
places  nuaber  of  the  probleas  of  siailar  ones  to  soae  probleas  of 
aeteor  radar;  to  thaa  it  is  related,  first  of  all: 
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the  determination  of  tarn  eolation  between  the  paraneters  of  that 
scattered  forward  signal  and  parameters  of  seteor  trails,  and  also 
seteoric  bodies; 

tha  expansion/discloaure  of  the  cossanication/connection  between 
the  statistical  characteristics  of  scattered  forward  signals  and  the 
paraaetars  of  traces  and  aeteonc  oodles. 

This  gives  the  possibility  to  examine  number  of  the  aost 
isportant  problems: 

the  analysis  of  capacity,  interference  shielding  and  specific 
special  feature/peculiarities  of  the  aeteor  communication  line; 

tha  selection  of  the  optiaua  paraaeters  of  the  neteor 
communication  line. 

Ratmor  radiowave  propagation  can  be  used  also  for  other 
target/purposes,  nanely: 

tha  standardization  of  the  standard  of  tine  and  transaission  of 


picture  signals 
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Page  450. 

ffateor  radar  and  radio  coaauoication  advance  the  roe/series  of 
the  specific  equipment  prooleas  whose  solution  is  the  object/subject 
of  aeteor  radio  engineering. 

Meteor  radio  engineering. 

The  fundaaental  problem  of  aeteor  radio  engineering  is  the 
eguipaent  provision  (and  the  solution  of  connected  with  this 

theoretical  and  experiaental  prooleas)  for  aeteor  radar,  aeteor  radio 
coaaunication,  etc. 

The  aain  directions  of  aeteor  radio  engineering  include 
following: 


the  creation  of  equipaeot  vita  the  optiaua  paraaeters 
(vavalength,  repetition  freguency.  etc.),  sufficiently  high  power  and 
sensitivity;  this  problea  is  closely  related  with  the  problea  of  the 
selection  of  the  optiaua  paraaeters.  solved  both  in  aeteor  radar  and 
in  aeteor  radio  coaaunicatiou; 
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fch*  provision  for  an  interference  shielding  of  instillations; 

the  nntonation  of  recording  and  processing  the  results  of 
observations. 

The  specific  special  feature/peculiarity  of  aeteor  radars  is 
high  effectiveness  (caused  by  the  short  duration  of  object) • 

Oaa  of  the  sost  aost  difficult  probleas  is  the  creation  of  a 
precise  phase  altiaeter. 

•adar  surveillaace  of  aeteors,  and  also  investigation  of  the 
natsor  propagation  of  radiovaves  aade  it  possible  to  obtain  the 
row/series  of  the  results,  representing  interest  fron  astronoaical 
and  geophysical  point  of  view. 


Contribution  of  aeteor  radio  electronics  to  aeteor  astronosy  and 
neteor  geophysics. 

The  successful  developsent  of  aeteor  radiophysics,  radar,  radio 
engiaeering,  and  partially  also  tae  investigations,  connected  with 
aeteor  radio  coanunication,  they  Bade  it  possible  to  Bake  a 
aigaificant  contribution  to  astronoay  and  geophysics.  Let  us  note  the 
foadaaeatal  investigations  of  this  kind: 
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1|  the  study  of  eeteoc  substdoce  in  the  soiar  systea; 

2)  the  estiaate/evaluatron  of  the  increeent  of  the  ease  of  the 
Barth  because  of  aeteor  suostance; 

3)  the  investigation  of  ataosphere  circulation  in  aeteor  zone; 

«)  the  estiaate/e valuation  of  the  aeteor  contribution  to  the 
ionosphere.  This  problem  is  to  a considerable  extent 
coaaon/general/total  both  for  aeteor  radiophysics  and  for  aeteor 
geophysics; 


the,.study  of  structure  and  ataospheric  paraaeters  in  aeteor 
zone.  M Besides  this,  aeteor  radio  electronics  nates  it  possible 
to  solve  nuaber  of  questions,  which  relate  to  aeteor  physics 
(especially  in  coabinatioa  with  other  aethods  of  observing  the 
aeteors)  . 


The  developaent  of  the  radio  aethod  of  the  study  of  aeteors  is 
connected  with  the  developaent  of  theory,  procedure  of  observations, 
eguipaent  and  setting  up  and  conducting  aeteor  observations. 
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Development  stages  of  neteor  radio  electronics. 

On  the  basis  of  theoretical  representations,  experimental 
investigations,  applied  procedure,  utilised  equipaent.  character  and 
scale  of  observations,  aad  also  use  of  neteor  ionisation  for  a 
cossaaicatioa/connection.  it  is  possible  to  isolate  following 
developsent  stages  of  neteor  radio  electronics. 

Pige  451. 


the  1st  stage  - from  end/lead  of  20's  to  the  siddle  of  the  40's 
(the  "pre-radar"  stage) . In  this  period  inforaation  about  aeteors. 
vary  iacospleta.  was  obtained  (since  discussion  deals  with  radio 
sethod)  in  connection  with  conducting  of  ionospheric  observations  and 
studying  the  radiowave  propagation.  B . A.  Ivanov  [1]  (alsost 
simultaneously  with  SXellett  £2])  arrived  at  conclusion  about  the 
fact  that  the  aeteors.  falling  into  the  ionosphere,  lead  to  a 
short-tern  increase  in  the  ionization.  Let  us  note  that  it  is 

1 

soaewhat  earlier  than  lagaoaa  [ij,  correctly  associating  short-tern 
anosalies  in  layer  B with  neteor  pnenosena.  it  gave  the  incorrect 
interpretation  of  the  nechaaisn  of  educe tion/foraation  and  character 
of  this  ionospheric  heterogeneity:  it  assuaed  that  the  aeteoric  body 
"clears  out”  on  its  path  electrons  (while  in  actuality,  as  a result 


of  colliding  the  vaporized  neteor  atoas  with  the  solecules  of  air  it 
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is  foraed  tbs  coluan  of  ionized  9*8) • 


it  the  start  of  the  30*8,  a.  A.  Gnevyshev  [4]  established  the 
influence  of  the  neteor  shower  on  the  conditions  of  radiowave 
propagation. 

At  the  end  of  the  30's  1.  S.  Astapovich  [5],  and  then  in  the 
beginning  of  the  «0's  Yu.  a.  khlyustov  [6]  reveal/detected  the  change 
in  the  intensity  of  radio  signal  and  the  onset  of  noises  at  the 
onsets  of  bright  seteors.  however,  the  conditions,  favorable  for  the 
setting  of  the  goal-directed  systematic  radio  observations  of 
seteors.  were  created  only  after  tne  appearance  of  radars. 

The  2nd  stage  (stage  of  the  fornation  of  aeteor  radar)  - from 
the  aiddle  of  the  40th  to  aiddie  50's.  The  use  of  radars  of  the  type 
"9-2(1"  [7.  8].  which  worked  in  metric  range,  made  it  possible  to 
supply  in  the  USSR  radar  surveillance  of  meteors.  I.  s.  Astapovich 
one  of  the  first  in  the  USSR  focused  attention  on  the  possibility  of 
applying  radar  equipment  for  recording  meteors  [7].  The  first  radar 
surveillance  of  meteors  in  the  USSR  pertain  to  the  year  1946  - under 
B.  Yu.  Levin's  nanageaent/manual  with  participation  of  P.  0.  Chechik 
and  N.  I.  Kabanov  observed  the  flow  of  Draconids  [ 8 ] on  wave  1*4  a. 
Radar  surveillance  of  the  flow  of  braconids  of  1946  in  the  OSSR  and 
abroid  [9,  10]  served  as  powerful/thick  "jerk/impulse"  in  the 
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developeent  of  the  radar  aetnod  o t observing  the  eeteors.  In  the 
USSR,  aad  also  in  England,  Canada  and  USA  at  the  end  of  the  40's  are 
created  the  first  groups,  shred  ace  occupied  by  questions  of  radar  of 
aeteors  and  by  tore  or  less  sys teaatic  observations.  To  the  second 
stage  perptain  also  the  atteapts  to  realise  aeteor  ionization  for 
radio  coaaunication  (Ihj.  The  rapid  development  of  the  radar  aethod 
of  observing  the  eeteors  in  the  USSR  was  begun  in  connection  with 
preparation  for  international  geophysical  year  (HGG) . 

The  3rd  stage  - preparation  tor  HGG ; conducting  HGG  and  HGS 
(international  geophysical  collanoration)  - froa  1955  through  1959. 

In  this  period  in  the  USSR  were  created  the  collectives,  which 
consisted  of  radio  specialists  and  astronoaers.  The 

coaaon/general/total  aanageaent/aanual  of  preparatory  works,  and  then 
also  by  observations  according  to  prograa  of  HGG  was  realized  by  a 
board  for  coaets  and  aeteors  of  the  astro-council  of  the  AS  USSR 
(chairaan  Y.  V.  Pedynskiy)  and  by  head  institution  - AO  of  Odessa 
univarslty  (director  Y.  P.  Tsesevich) . Conducting  observations 
according  to  single  prograa  to  scale  of  the  country  aade  it  possible 
to  obtain  data  about  aeteor  activity,  about  the  statistical 
characteristics  aeteor  of  the  radio  echo  and  aeteoric  bodies,  about 
flow  pattern,  about  the  intensity  of  the  processes  of  deionisation  in 
aeteor  zone  and  so  forth  £15,  11,  16-28,  etc.]. 
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In  tais  sim  period  was  aade  the  cow/series  of  theoretical  works  [11, 
16,  29-37],  which,  together  wita  tae  works  of  Kaiser,  Nitra,  Lovell, 
Rerlofson,  RcKinley,  etc.  [id-45],  and  also  the  fuadaaental  works  of 
B.  To.  Levia  [46],  I.  S.  Astapovich  (47),  V.  V.  Fedynskiy  [48],  0.  V. 
Dobrovol* skiy , L.  A.  Katasev,  P.  8.  Babadzhaaov  et  al.  made  it 
possible  to  give  the  scientific  substantiation  of  the  radar  aethod  of 
observing  the  aeteors.  The  third  period  includes  also  the  realization 
of  aetaor  radio  coaaun ication  (in  Canada)  [49,  50].  By  aost 
successful  during  this  period  were  the  investigations,  aade  the 
Kharkov  collective,  which,  aention  fundaaental  programed 
observations,  carried  out  also  observations  of  the  winds  on  the  drift 
of  aeteor  trails.  This  (together  with  data  of  Greenhov  [51])  aade  it 
possible  to  supply  progressed  observations  in  the  period  of  the 
international  year  of  quiet  sun  (BUSS). 


The  4th  stage  - 19o0-19t>5  - preparation  and  conducting  of  HSSS. 
During  this  period  in  the  cow/series  of  point/iteas,  was  created  the 
special  equipaent,  intended  for  observing  the  drift  of  aeteor  trails 
and  study  of  wind  picture.  During  this  period  continued  also  the 
investigations  of  an  initial  radius  of  aeteor  trail  [ 52,  53],  was 
developed  the  statistical  tneory  of  radar  of  aeteors  [54,  55,  56], 
they  were  ezanined  the  siaulation  of  aeteor  trails  [57],  resonance 
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effects  in  aeteor  trail  [5d,  59  J,  aeteor  contribution  to  ionosphere 
[60],  were  investigated  tae  processes  of  deionization  in  aeteor  trail 
[61,  62],  the  theoretical  questions,  connected  with  the  study  of  wind 
condltions/aode  [63,  64],  oy  turoulent  processes  in  aett  r zone  [65], 
by  diffusion  [66,  67  ],  aeteor  radiowave  propagation  [18^  68,69].  In 
this  saae  period  are  acquired  data  on  the  orbits  of  aeteor  showers 
[70],  on  aass  distribution  of  aeteoric  bodies  with  the  use  of  traces 
of  different  types  (including  interaediate  type  traces  [71-73]), 
about  the  aeteor  increaent  of  tne  aass  of  the  Earth  [74],  about  the 
distribution  of  aeteoric  oodles  according  to  kinetic  energies  [73, 

75,  76],  etc. 

This  stage  includes  successful  investigation  and  use  of  aeteor 
radio  coaaunication  in  the  row/series  of  countries  [77]*. 

FOOTS OTB  ».  See  also  [90].  E NOFOOTNOTE. 


I 


H 

✓ 

i 

i 


s> 

V 


The  5th  stage,  which  was  oegun  following  with  the  teraination  of 
N5SS  (i.e.  since  1966),  was  characteristic  by  the  tendency  to  iaprove 
the  procedure  of  the  aeasureaent  of  speed  and  wind  direction  in 
aeteor  zone,  to  develop  the  aethod  of  the  precise  aeasureaent  of  the 
height/altitude  on  which  were  arrange/located  the  section  of  aeteor 
trail,  that  diffuses  of  radio  wave,  and  to  also  utilize  identical  (or 
close)  operating  frequencies  and  increase  the  effectiveness  of 
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equipment.  In  connection  vita  tais  is  of  interest  the 
phase-difference  eethod  of  ae&suciaq  the  angular  coordinates,  which 
possesses  the  row/series  of  advantages  in  coaparison  with  aaplitade 
[78]  and  aaplitude-phase  [79]  aetnods. 


The  for  the  first  tiae  dicectxon-f inding-ranging  aethod  of 
deteraining  the  coordinates  of  aeteor  with  the  use  of  a phase 
gonioaeter  and  spaced  antennas  was  proposed  by  the  author  as  early  as 
1950.  Station  "TPI-2",  created  under  author's  leadership,  contained, 
besides  range  finder,  also  the  channel  of  angular  coordinates  [11, 

80  ];  the  aeasureaent  of  the  hexght/altitude  of  neteors  by 
phase-difference  aethod  was  realized  first  in  1958,  and  then  1959 
[91].  The  phase-difference  aethod  of  aeasuring  the  height/altitude 
was  aore  lately  realized  With  obtaining  of  higher  accuracy  in  the 
row/series  of  others  city  country  [82,  83,  84].  The  creation  of  the 
iaproved  equipment,  for  aeteor  investigations  is  successfully 
conducted  by  at  present  nany  scientists. 


1 .1 


Page  453. 


Contemporary  aeteor  radio  electronics  is  located  in  the  stage  of 
intense  developaent. 


Let  us  exaaine  the  probleas,  connected  with  the  prospects  for 
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the  ievelopnent  of  aeteor  radio  electronics. 


Problens  and  problens  of  aeteor  radio  electronics. 


1)  Meteor  radiophysics. 

a)  it  is  accessary  to  refine  the  processes  of  foraing  the 
ionited  aeteor  trail:  the  process  of  ionisation  (and  "ionisation 
probability"  0)  during  interaction  of  aeteor  atoas  with  the  particles 
of  air#  the  dependence  p on  the  speed  of  neteoric  body;  a change  in 
the  linear  electron  density  a along  trace  in  dependence  on  the 
paraaetars  and  the  coaposition  of  the  neteoric  body  and  ataosphere;  a 
change  in  bulk  density  n along  a radius  of  the  ionised  trace  n(r)  and 
its  height  dependence;  the  quantitative  estiaate/evaluations  of  the 
initial  radius  r0,  its  high-altitude  and  high-speed/velocity 
dependences.  There  is  special  interest  in  the  study  of  radial  and 
axial  distribution  of  electron  energy  n (r)  and  a taking  into  account 
the  f ragaentation  of  neteoric  body. 

b)  follows  the  aore  thorough  to  study  the  processes  of 
destroying  the  ionized  aeteor  trail  and,  in  particular,  to  obtain  the 
coaaon  picture  of  change  in  the  function  of  the  tine  of  linear  and 
voluaetric  electron  density  taking  into  account  all  "deionizing" 
factors,  concentration  diffusion  and  turbulent  diffusion. 


. . 
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c)  one  should  also  retine  tore  and  structure  of  the  ionized 
seteor  trail  taking  into  account  the  action  of  the  "destructive” 
factors  in  the  process  ot  track  condensation*  without  disregarding 
the  process  of  the  f ragaontatioa  of  eeteoric  body. 

d)  is  in  prospect  to  retiae  tee  seteor  contribution  to  the 
ionosphere*  naaely:  to  refine  the  correlation  between  eeteor 
phenosena*  educatioe/f oraation  and  condition  of  soae  types  of 
sporadic  layer  ; to  develop  the  mechanise  of  the 

educe tion/f oraation  of  soae  types  of  layor  £,  of  aeteor  origin;  to 
refine  the  portion  of  the  aeteor  contribution  to  layer  B (both  into 
the  daytiae  and  in  night  tine)  . 

e|  there  is  a definite  interest  in  the  investigation  of  its  own 
(priaary)  radio  eaission  of  the  ionized  aeteor  trail. 

f)  aeteor  radiophysics* s aost  essential  problea  is  the 
fandaaental  investigation  ot  interaction  of  radio  waves  with  the 
ionized  aeteor  trail.  To  this  problea  one  should  relate;  the 
refineaent  of  theory  for  the  case  of  the  ideal  infinite  ionized 
cylinder  (and*  in  particular*  obtaining  the  analytical  ezpressions  of 
the  intensity  of  the  scattered  signal  for  the  case  of  traces  of 
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mongrel,  i.e. , fro*  a on  the  order  of  10**  el/cm) ; the  essential 
refinement  of  theory  for  the  case  of  isperfect  trace  taking  into 
account  the  processes  ot  fornation  and  destroying  the  trace  (for  a 
■onolithic  body);  the  creation  of  the  theory  of  scattering  radio 
eases  by  the  real  ionized  aeteor  trail  (taking  into  account  the 
possible  sechanisss  of  f ragsentatioo)  . 

g)  together  with  the  careful  examination  of  a normal-recurrent 
and  inclined  re-emissions  and  radiowave  propagation  in  the  classical 
case  (monolithic  meteoric  body),  it  is  necessary  to  consider  also  the 
presence  of  the  fragmentation  of  meteoric  bodies. 

h)  it  is  possible  to  expect  the  new  theoretical  and  experimental 
data  on  resonance  effects  (especially  for  the  case  of  transient  and 
overdense  types,  and  also  upon  consideration  of  fragmentation). 

Page  454. 

i)  being  promising  is  the  simulation  of  the  ionized  meteor 
trails  (both  static  with  the  use  of  gas-discharge  tubes  and  dynamic  - 
with  the  aid  of  "pools")  . 


j)  above  discussion  dealt  witn  interaction  of  radio  waves  with 
the  ionized  trace.  Becomes  at  present  actual/urgent  the  setting  of 


the  theoretical  and  experimental,  stadias  of  interaction  of  laser  bean 
with  aeteoric  bodies  (different  compositions,  structure*  fores  and 
sise/diaensions)  for  purpose  of  the  study  of  the  possibilities  of 
radar  detection  of  aeteoric  bodies  and  prevention  of  seteorite 
probles. 


The  solution  of  these  probleas,  important  by  itself*  is 
necessary  for  the  progress  of  other  sections  of  aeteor  radio 
electronics*  and*  first  of  all*  aeteor  radar  and  aeteor  radio 
coaaunication . 


2)  rfeteor  radar  detection. 

a)  First  of  all*  it  is  necessary  to  refine  the  dependences  of 
intensity  sad  fora  aeteor  of  the  radio  echo  on  the  paraaeters  of 
aeteoric  body  (ionized  aeteor  trail)*  eediua*  equip sent,  "geometry" 
and  the  like  in  the  process  of  foraation  and  destroying  the  aeteor 
trails  in  the  presence  and  absence  of  f ragaentation. 

b)  There  is  special  interest  in  obtaining  these  data  in  the 
particular  case  when  a is  of  the  order  of  10**  e /cm,  i.e.*  for 
traces  of  transient  type. 


B 


c)  o°*  should  explain*  under  what  conditions  it  is  necessary  to 
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consider  the  effect  of  f ragaentation  with  radar  of  eeteoc  trails. 

i|  Ueefel  both  la  theoretical  and  applied  ratio/relations  will 
be  the  refieeeeat  of  the  statistical  characteristics  seteor  of  the 
radio  echo  in  the  randos  position  of  "eirror"  point  on  the  seteor 
trails  of  different  types  (taking  into  account  the  presence  of  the 
transition  region  in  which  a it  is  of  the  order  of  10**  e ./cs|  in  the 
case  of  the  nonf ragaenting  aeteoric  body.  This  will  sake  it  possible 
to  refine  the  analytical  dependence  of  the  statistical 
characteristics  seteor  radio-echoes  on  the  statistical 
characteristics  of  aeteoric  bodies.  The  solution  of  this  problea 
taking  into  account  the  fragaentation  of  aeteoric  bodies  will  be  the 
significant  contribution  to  aeteor  radio  electronics. 

a)  special  interest  (and  great  difficulties)  is  of  the 
develops**!  of  a precise  radar  aethod  of  deteraining  the  aass  of 
aeteoric  body. 

f)  Very  proaising  is  the  laproveaent  of  the  aethods  of  aeasuriag 
of  initial  radii  of  the  ionised  aeteor  trails  and  the  realization  of 
sufficiently  prolonged  aeteor  observations  at  several  wavelengths. 

9)  O**  the  aost  urgent  probleas  is  the  iaproveaent  of  the 
aethods  of  observing  the  drift  of  aeteor  trails  and  construction  of 
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wind  pistort  in  aeteor  zone.  T bis  will  sake  it  possible  to  carry  out 
a dialing/sot  of  statistical  ante  rial  for  refining  the  global 
ataosphere  circulation  in  aeteor  zone. 

k>  is  problea  adjoins  inproveaent  of  the  radar  aethods  of 
studying  the  turbulent  pheaosena  ia  aeteor  sone  and  obtaining 
sufficient  the  space  statistics. 

i)  /)n  increase  in  the  effectiveness  of  aeteor  radars  is 
connected  with  the  developaent  of  the  new  aethods  of  deteraining  the 
paraaeters  of  the  ionized  aeteor  trails  which  would  sake  it  possible 
to  obtain  (for  the  Halted  tine  of  observations)  the  sufficiently 
large  nuaber  of  precise  aeasureaents. 

Page  *55. 

Hare  is  related  the  iaproveaeat  of  the  aethod  of  deteraining  radial 
coaponent  drift  velocities  of  aeteor  trails  because  of  the  use  of 
very  short-tern  aeteor  radio-echoes. 

j)  'the  expansion  of  the  possibilities  of  aeteor  radar  requires 
the  developaent  of  the  radar  aethods  of  aeasuring  the  paraaeters 
(aaong  other  things  orbits#  radiants#  speeds  and  the  like)  of  very 
weak  aeteors. 
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k|  "the  need  foe  the  "joining"  of  recordings  to  height/altitude 
is  connected  sith  the  improvement  aethod  deteraination  of  the 
heigh t/altitnde  of  "airror"  point. 


1)  In  connection  with  the  diversity  of  the  functions,  fulfilled 
by  the  conteaporary  radio  installations,  utilised  for  observations, 
is  in  prospect  to  carry  out  a selection  of  the  optiaun  parameters  of 
meteor  radars  of  different  designation/purpose. 

To  a considerable  estent  these  problems  are  characteristic  not 
for  a noraal-recurrent.  Out  also  for  oblique  radio  transaission. 

radio  coaaunication. 

fitut  of  all,  is  expedient  to  conduct  further  investigation 
of  the  paraaeters  of  radio  signals  during  "forward  scattering"  as 
function  of  the  paraaeters  of  the  ionized  aeteor  tr  ils  (and  of  their 
generating  aeteoric  bodies),  aediua,  equipment  and  geoaetry  of  routes 
(for  aonolithic  and  that  crushing  aeteoric  bodies) . 

b)  "fhis  will  sake  it  possible  to  carry  out  refineaent  of 
statistical  characteristics  "scattered  forward"  radio  signals  and 
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their  coaaunication/conaections  with  the  statistical  characteristics 
of  eeteotic  bodies,  the  parameters  of  eediun,  equipsent  and  so  forth 
(vithaat  aeoouot  and  taking  into  account  f rageentation) . 

c)  c^reat  theoretical  interest  and  applied  value  have  studies  of 
t'raasalMioa  ability,  freedoa  froa  interference  and  specific  special 
feature/peculiarities  of  the  aeteor  communication  lines. 

d)  Special  iaportance  has  a selection  of  the  optimun  parameters 
of  the  system  of  meteor  radio  coaaunication. 

e)  the  aeteor  radio  coaaunication  includes  also  the 
standardization  of  the  standards  of  tine  (instituted  on  the  use  of 
aeteor  radiovave  propagation) . 

f)  'this  section  of  aeteor  radio  electronics  adjoins  the  study  of 
the  possibilities  of  the  transaission  of  picture  signals  because  of 
scattering  of  radio  saves  m aeteor  trails,  i.e.,  the  study  of 
hyperdistant  television  because  ot  aeteor  propagation  (aeteor 
television) . 

9)  Meteor  radio  engineering. 


Meteor  radiophysics,  radar  and  radio  coaaunication  present  the 
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Dn/stries  of  specific  reguiceaeuts  for  radio  equipaent.  Lot  us 
recall  that  the  discussion  deals  with  radio  engineering  in  the  narrow 
sense  of  the  word,  i.e.,  there  is  in  fors  a coupler  of  eguipsent 
questions,  connected  with  aeteor  radio  electronics.  Basic  ones  of 

then  they  are: 

a)  ^he  creation  of  aeteor  radar  station  with  high  power  and 
sensitiwity  (for  observing  the  very  weak  aeteors) . 

b)  '(he  creation  of  radar  coupler  for  the  siaultaneous  sounding 
of  the  ionised  aeteor  trails  on  several  (the  3rd  and  aore) 
frequencies. 

Page  456. 

c>  “(he  creation  of  the  highly  efficient  aeteor  radar,  which 
radiates  coherent  oscillations  on  the  2nd  (and  aore)  frequeacies  (for 
the  esperiaeatal  study  of  initial  radii,  etc.). 

d)  *£he  creation  of  highly  efficient  altiaeter  (goaioaeter)  . 

•|  An  increase  in  the  freedoa  froa  interference  of  aeteor 
radars,  connected  and  other  systeas. 
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t)  fin  increase  in  t he  effectiveness  of  installations. 


9)  “Che  autoaation  of  perfecting  result  observations. 

k|  Aa  Increase  in  the  accuracy  of  processing  the  results  of 
obser  vet  loss. 

^ fleetory /adoption,  together  with  the  range  of  VHP,  "left 
boundary*  of  skip  band,  and  also  optical  range  of  radio  waves. 

j»  Ihe  creation  of  the  aaplitude-phase  analyzer  of  the  pulse  of 
a neteor  radio  echo. 

Besides  the  noted  guestioos,  connected  with  the  developsent  of 
the  aain  divisions  of  neteor  radio  electronics,  there  are  other 
probleas,  the  solution  of  which  will  raise  the  effectiveness  both  of 
the  »old»  nethods  of  the  study  of  neteors  and  coa posits  study  of 
aeteor  substance  and  neteor  phanosena. 

5)  ^he  application/use  of  nethods  of  radio  electronics  for  an 

increase  in  the  effectiveness  of  the  optical  nethods  of  observing  the 
aeteors. 
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Discussion  deals  with  an  essential  increase  in  the  sensitivity 
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of  the  telescopic  set  hod  of  observing  the  eeteors.  This,  as  is  known, 
it  can  be  reached  because  of  obtaining  of  the  television  inage  of 
very  weak  neteor  with  the  use,  for  exaaple,  of  a superorthicon, 
arrange/located  in  the  focus  of  optical  telescope. 

6)  'Ihe  application/use  of  neteor  radio  electronics  during  the 
conposite  study  of  neteors. 

Rost  likely  by  nost  pronising  and  fruitful/successful  is  the 
conposite  study  of  neteor  sub&tance  and  neteor  phenonena  radar 
asthod,  aethod  of  "inclined  sounding",  by  photoelectric,  and  also 
photographic,  visual  and  telescopic  set  hods  in  conbination  with 
direct  aethods. 

In  other  words,  the  conbination  of  direct/straight  and  indirect 
nethods  (radio-electronic,  optical,  etc.)  with  the  aethods  of 
siaulation  (including  the  sinulation  of  the  ionized  aeteor  trails) 
will  aake  it  possible  to  aost  conpletely  get  to  know  both  aeteor 
substance  and  generated  it  neteor  phenoaena. 

In  connection  with  this  appears  the  problea  of  the  developaent 
of  theoretical  base  and  procedure  of  this  type  of  the  coaprehensive 
investigations  (including  observations)  of  neteors  and  neteoric 
bodies. 
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It  is  quits  obvious  tuat  tbs  developaent  of  aeteor  radio 
electronics,  and  first  of  ail,  radiophysics,  is  poses  serious 
rsquirsssnt  on  aeteor  physics. 

Page  457. 

7)  Sobs  questions  of  neteor  physics  and  problen  of  applied  character. 

1.  Neteor  physics. 

The  progress  of  aeteor  physics  is  connected,  first  of  all,  with 
the  developaent  of  the  physical  theory  of  seteors.  As  showed  sose 
investigations  [85],  developaent  classical  of  the  physical  theory  of 
eateors,  studying  the  neteor  phenoaena,  caused  by  nonolithic  neteoric 
body,  can  give  the  new  data,  which  to  a considerable  extent  explain 
the  iisagreeaent  between  theory  and  experieent.  Therefore  developaent 
the  classical  physical  of  the  tneory  of  aeteors  is  extreaely 
necessary  and  in  any  way  hopeless. 

However  the  account  of  the  process  of  the  fragaentation  of 
aeteoric  bodies  aust  be  thoroughly  studied  and  taken  into  account 
during  developaent  physical  of  the  theory  of  aeteors.  Last/latter 
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works  [86-89]  sake  it  possible  to  rely  on  the  possibility  of  the 
fundamental  solution  of  this  problem.  But  this,  in  turn,  it  will  aake 
it  possible  to  introduce  clarity  into  nuaber  of  the  problems  of 
aeteor  radiophysics,  radar  and  radio  coaaunication. 

2.  On  the  contribution  ot  aeteor  radio  electronics  to  astronoay. 
geophysics  and  physics  of  aeteors. 

The  fundamental  problems  of  applied  character,  placed  before 
aeteor  radio  electronics,  are  reduced  to  following: 

'(he  refinement  of  the  "visible"  and  "true"  distributions  of 
radiants. 

b|  'The  suppleaent  of  the  obtained  previously  distributions  of 
the  orbits  of  the  aeteor  showers  and  associations  [70]. 

c|  Study  of  the  properties  of  the  "meteoric  dust". 

d)  The  estiaate/e valuation  of  "meteorite  problem". 

e)  the  construction  of  the  picture  of  global  ataosphere 
circulation  in  aeteor  zone. 
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ft  'Che  refinement  of  the  neteor  contribution  to  the  ionosphere. 

q)  'Che  refinement  of  structure*  form*  size/dimensions  of  the 
ionized  meteor  trail. 

Conclusion. 


Thus*  in  last/latter  two  decades  was  formed  the  new  branch  of 
radio  electronics  - meteor  radio  electronics*  object/subject  of  which 
is  the  investigation  of  meteor  phenomena  by  radio  aids  and  the  use  of 
meteor  ionization  for  the  transmission  of  information  by  the  means  of 
radio  waves.  Reteor  radio  electronics  continues  to  be  developed  in 
the  row/series  of  the  countries*  and  first  of  all*  in  the  USSR*  USA, 
England*  Canada*  Czechoslovakia.  In  the  USSR  it  was  formed  and 
conducts  investigation  a whole  secies  of  the  collectives.  The 
equipment*  created  by  these  collectives  (and  also  by  foreign 
centers)*  is  utilized  for  observations  according  to  international 
programs.  Investigations  in  the  region  of  neteor  radio  electronics 
are  conducted  on  high  scientific  level*  to  which*  in  particular* 
testifies  considerably  a quantity  of  doctoral  and  candidate 
dissertations*  made  based  on  materials  of  these  experiments.  At  the 
present  time  in  world  literature*  in  spite  of  the  youth  of  neteor 
radio  electronics*  are  counted  tens  of  monographs  and  collections  and 
many  hundreds  of  periodical  articles. 
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The  row/secies  of  proDleas  and  probleas,  which  wait  their 
solution,  aaphasizes  the  prospect  of  aeteor  radio  electronics. 

Pages  459-460. 
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